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[fff^4] ^-©^^S^A^Ga^N (O^x^l) ^AlyGa^N (O^y^U 

s ] x ^ ^ y <f3m<D¥m#m zm-ez zmmmm *mm-tz> r 
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[0 0 0 2] 

A (GaN) &<DUI-m{k&®¥m<*&ftm*<Dmftmftifi&Aj\Ztft>tlT^& 

HfrffctfU *A (GaAs) ^PflS-f >£;<?A (InP) © «fc e> &flfi©III-V]Rfb-&4&¥# 
tt'CJ^&tiTSfetfxy hx^/^>^^^fJM"e^^VN 0 z\(Dtcisb. GaN^ 
ift^^x y ^ y 9\z »K5>fi9f> ^SffitfftlJS 3 ftT ^ & . U*> L & e> 

R£W*X7f >^Lfcy, #rMtf)®igT* x y ^ > ^* & f^iLf £ i: e> &1W» #H 

[0 0 0 3] 

X^5 1 >y^Ih^«^GaN^^'-^f(D#ffiiC5:^'ri^#^C0V^T. flOil 
tC rH6im^MW^^^# l»SI^«&a£l$HfrPP.325 (7P-L-4) J & 

, ^2®^ r^47|@Ij5JB*&JIS*Wfll3*£3&St# ^M^mmi^flffPP.378 (3 
- Oa-YQ-7) j T'ii, GaN^t U-if (D R^>f Xy ^>^#<Z>|glW^3M5£lC|»LT 

[0 0 04] 

e£3fe<Z>GaN9&¥3Mfc© K5>fx>yf >^i, & P> C ibA^Ga^N (0£x£l) 
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[0 0 0 7] 
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[0 0 0 8] 

© &fi t? x v ^ y ff ft W it -? £ zl £. ifi «T m tc & s . 

[0 0 0 9] 

t* ffi JWtt «fc < BrMcDtfcfi T? ^v3-y?->k. &±-?& d h # «rfg & -5 „ 

[0 0 10] 

_ X N (O^x^l) ^AlyGa^N (O^y^l, x*y) 

T- x y ^ > £ #ifc 1" 3 £ £ # oT IB IC & 3 0 
[0 0 1 1 ] 
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[0 0 12] 

£ < M©figt a: y ^ y Wit -t £ ^ £ # qTfg (C & £ „ 
[0013] 

*iT^3 0 ZCDtctb, ^v^yy*W±Z^Z¥mfamtfx-y^y¥T*\&£iZn 

s ^mfom tm&z> m$, t*&& k ^ >f x y ^ y rmm ^i7f> **#it 
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[0 0 15] 
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[0 0 16] 
[0 0 17] 

^&£^l/TV^ 0 2>f yj-V-J XW7t4T£ DftfiSSl 1 ©5t® 

Kigtffc&JBv^TiJfct^&fTfc^. ?5fe?^LfcS*l 1 SrMOVPE^fi (0 

^^W&£E*^3 0 OTorr (lTorr=133.322Pa) tf>?Kig#H^£ U iSS£$Jl 
1 0 OTCIC^-eMLTSSl 1 SriDJIftL^®©^- U -->^&^1 0 

[0 0 18] 

&tC, ®1 (a) lC^1"J;e>tC, MliS^S:*55 0 OTCJC*T?»fflL/fctfe, 
1 l_h(C, «*&*2 5mmol/mintf) h y t^Jl/XV (TMG) 7 . 5 

L/min0)7 y^ — T (NHg) # * U 7#:* £ LT*sg£ &|i5l$K:#H&^S 

3fcjCj:*J, J?3*««92 0nm<3DGaNJ: »J«;SiEffiAy 7TJSS:^S"BrS. 3© 
B£> V^MMhIII^M^©#fc^it«6 5 0 0 : l-e&*„ *fcv*T, M^£*?J1 
0 0 0 1C £ T?#J& U nSK-;^hfcbtJ/5> (SiH 4 ) UT, 
f^^4»m !?Si^M#JaS^^lXl0 18 cm~ 3 ©nMGaNJ; 'J«;Snin>^^ 
hM 1 2 #cfc, h'J^^TA^-^A (TMA). t,£fcjj&L&#£> 

> J¥^^0.7mm"eSi^M#J?S^^5X10 17 cm" 3 ©nMAl 0 0? Ga 0 g3 N J; U & & n 

KH 3 £/&;R£1££ 0 ffiV*T, 0 OnmtSi^»M^|«l 

lX10 18 CB- 3 ©nMGaNJ:y*S^l©3t^>r Fjf 1 4 &^S«&feft, 
8 0 OTCJC^-CKMBU ^UrtfX&JlKJR^&gSfcKlggSSOT, M;*^;i/-f 
(TMI) i!TMGS:«#&LTJ?SA^3nm<iDIn 0<1 Ga 0fg NJ:»J*:5M*-7-# 
F» (3jf) £ff£#^9nm<£>GaNAy 71 (2®) JfeS^MM^tfJ^Stttf 

■v U 7^$:fi^?)*ii:lbt, K-a°> h"e&3 tr**/# n^># 
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x-;i/V**#S/?A (Cp 2 Mg) tfXfc^y&L&tfib, ffS^*&2 Onm^Me^iK* 
^^5X10 17 cm~ 3 ©p§? Al 015 Ga 0 g5 N j:*J&S^t7^Il 6 £/£;R£-fe!:S 
. J?$*^l 0 OnmT*Mg^M4MS#lX10 18 cm~ 3 ©p§5[ GaN J: *J & £f| 2 

(DytJJJ KJfl 7 S:^3^r« 0 M^T, J¥£*\1$2 0 OnmT?Mg*J|**fciR&#5 
X10 17 cm- 3 ©pMAl 0>07 Ga 0 _ g3 NJ:U^SpMmi f5f F« 1 8 fcj&^-frS 
. #:lc. AljjfiJ&# p H7>yKI18J:^I<, mtS 5 0 nmTMg^M 

«M^5Xl0 17 cm~ 3 © P ^Al oao Ga 0 90 NT#^$tl€>x^^>^lhMl 9 £ 
^*$i±^ 0 K5>f i >y f > ^T* p IlciHi^M© 'J y $>7g:tK&f£f8"tSEHC 
tt> ^.O^v s J-yifW±M i 9 t'X>yf>^H7t§feft, pM^yFJStf) 
3KLJ?£UTtt, pfiH7>v KH 8 Gf$2 0 0nm) £xy =f-y ifW±M 1 
9 0f§5 0nm) O-^ffBJCJ? (*& 2 5 0 nm) £ft& 0 -£©^, *^0.4mmTrMg 
^***»S^5X10 17 c«" 3 <3r>MAl 0>07 Ga 0 93 NJ: plf 2 ^7>y KM 205: 

J*S3^jte0.lMT?Mg^«%«|g^lxl0 18 CB" 3 <Z)p^GaNJ: 

[0 0 19] 

/&b*ft«u hi (b) (c^-rj:e)^, s»?>iiiu$ij{uu P s 

_tfc£®fC fc> £ otl^lO . 1 mm©- Sft-ffc */ V ny (Si0 2 ) £U&£$MfcBI 
2 2 

[0 0 2 0] 

&fC, Ell (c) KB-?£t>iZ. X¥j--ZR}^Tmikm2 2<D±lZ±Mfct> 
fcotl/^M2 3 5:Mn o m^X, Hi (d) {c^-t<J;e)tc, 7th'J 
ytf^yj -j££J^T, l/i/X hl23 fCV* *<g#jf& 2 mmT%^J 5 0 Ommlf y 
^©X h^-f ^©1/2?^ }>A#->£GaN©< 1-10 0 >^|^tC^J^"T S. 
&tc. Hi (e) ic^^e^c, r©l/i;xh;^->S:7^^i:lTiftl2 
2 IC^UT? y &#VAfctfxy hxy^>^£?T&oTM;jg|2 2 

1 (O (C^^fC ^«gfci£lcj: UifrfUSLi:©!/*;;* hH2 3 
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[0 0 2 1] 

m^x, 02 (a) ic^f £e>tc ±mmimrt*->tfMf&zftfrmmi i 
©^t®£ K^>f i>yf>mot u y ^jcjnx-rs. 02 (b) ic^ 

$Hfc£/i;3> (Si0 2 ) J:»;fc5BMfc&2 4 fei&fcS-e'S. 
[0 0 2 2] 

#CtC 02 (c) jC^-r«fc3lC, *l^-&MV*TlftfbK2 4©±K:£®K:;b 
fcotU^M2 5|:ift§ 0 $c^T> 02 (d) &C^fJ:3JC, 7th'J 
ytf^yj -&£ffiVAT, 1/$?;* hj^ 2 5 JC^X^i|rI#;f&4 0mm-e^5 0 Ommtf 
Vf-O^y. h5>f^0l/^ h A#->£GaN<Z>< 1-10 0 >^I^ItC^J**r S 

[0 0 2 3] 

#C£, 02 (e) JC^-rj^lC, -©l^* hA°#->£ £ LTM:^ 

02 (f) {c^t-«fce)tc, fi«i»jifti±©i/i;xh&ists 0 

[0 0 2 4] 

ffi^T, 03 (a) \Zm^-£oK, ±IBiftl/^->«$tifcSSl 1 
£>itffi£ K5-f I y-f-yfflZ <fc -o Tn^GaNn y % ? hM 1 2 &Iffi$tS 0 
[0 0 2 5] 

#ClC, 03 (b) fC^-Ti^fC Iffibfenln>^^ hjgl 2 ©±®{CTi/A 

i <fc y*sn^sffi2 6 zmmmz.mm,-tz>o 

[0 0 2 6] 

*^fC, 0 3 (c) iC^fcJ: 5 {C, U y ^*±©tftl2 4 &7 yg^ft0>2M&?R 
SM^fe^iy hx^fv^^^ot^t/f-^ pM^iy*? M2 1 ©± 

©M3g®tC-€-n-?*liSl5|-^9 0%&t>*7 0%©Si0 2 J&t>*— M:^*:/ (Ti0 2 ) 
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[0 0 2 7] 
[0 0 2 8] 

*mM&M fc J: »; f^SS U fc 1/ - if it-? U >y S^tt feK^-fi^f > Witi 
X^S^fC, pMAl 0>10 Ga 0igo NT?«fifcSnSX^^>^Jfc»l 9<Z)#£iCj: 
»J, X>yf h^pMAl 007 Ga 0 g3 NH2 ^7^-/ FI2 0J: »; ^^T^S 

. Cltlttxy^^ffitjff 1 9 &pMS|2 *^>y K» 2 0 J: »J %Alffl/£#i«V^ 
&T*&<5„ Lfe^ot, pMH2 KM 2 0 (Dx y ^ > ^£ teB£fl5T*«iJ 

■TSfc©®, xy^>?*B#rW#^<T&X*y^:/^ibJS 1 9tx«yf >^ 

L^V\|i*^li7 0mA. ^D-^^li0.05W/ATfeofco #581$ JC J: £ 

fcrfclCjgHl/T^S. £io{C, x>y ^>yffihJ» 1 9 <£>#AiC J: *J, 2-f>^ 
HSWTJCDXy^^yjSLffli&rP^^fllflaStl, tfSR^O^Wy fclRLtl/ 

[0 0 2 9] 

GaN^u-iffjt^-ic&v^ K^>rx^^>^jcj:*y ^*;^snx^ 

[0 0 3 0] 

mm (04) zmmistetf^mm^Zo 



8 
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[0 0 3 1 ] 

ffi&Zftteo, ffi&Vt=.mffi.2 8 fcMOVPE^S (E^itT) (DRfojpfa 

0Torr©^#H^^ b, UmZrfo 1 1 0 0TCt:tt'#SltIl2 8 Mb 
[0 0 3 2] 

.M£5'F£^5 0 OTCCJt'Kim «^2 8±{C. #fc^*2 5mmol 
/mintf) h y JL^JUjtfV -7i> (TMG) 7 . 5 L/min© T > ^ -T (NHg) 

ifxt. v r z.L,x&mt. tizzy. ^^20 

#W&Jtl±6 5 0 0:1 -?&£o i^T, filS^&S&l 0 0 0 X: tC * T?#$fi U n 
m\?-rtyh£.hTl/^> (SiH 4 ) ^«bt, J?3#*&4«m "CSi^M^ 
^/S*^lX10 18 cm" 3 OnMGaNJ:y^^nMn>^^ hjf 2 9 7£ 

JC, hU^f^5-9A (TMA) %>«j(&l,;fc#e>, J?S*«Jj&0.7m«TSi^iK* 
«S3^5X10 17 CB' 3 ©nSfAl 0>07 Ga 0>g3 NJ;y3&SnS!^9v F« 3 0 

8^T, J^Stfiftl 0 OnmTSi^M^a^^lXl0 18 cm" 3 (Z)n§E[GaNj: »j 
S&l <D%1M KM 3 1 £f&:R3i±£^> 8 0 0 ic ic* XWU. U 

U Ttf^fc^iPifr^iiitC^HLT, h';^f;K>^7i> (TMI) i:TMGS:«J(& 
LTff^^3nm©In 0 ^Ga^gNJ: »J«!5II?^ ( 3 «) tfift 9 nm©G 

aN^Ur* (21) jb>&fc&#M*^#F?iSttJff3 2 fclSSS-tirS., H 

1 0 0 0 o Clc£T*#iSL3r-V U T b^M^M 
IT, pMF-^>hT'fe5tfxi/^D^>^^i-;i/V^*^i/7A (Cp 2 Ng) # 
*£#iteUJB!#S>, J?3^*&2 OnmT'Mg^M^^^5Xl0 17 cm" 3 COp§![ Al Q>15 G 
a 0.85 N ^yfcS^y^tf 3 3 Sj&BSiir*. JfC£ 1 0 0 nm-??Mg^ 

M#ia^^lX10 18 cm" 3 ©pM GaNi y 2 ©3fc#>f FI3 4 £ J&JI £ it £ „ 

IffiV^T, J?S^2 0 OnmT'Mg^M^^^^SXlO^cm^pMAlo QyGaQ ^NJ: 
Uft5pail^5*;Ki3 5^St5. 7^{C, Mg*tti»«£#5X 10 17 cm _ 
3 ©p§?Al 0 10 Ga o go N (lKJ¥5nm) £ p MAl^QgGa^ggN (ffllJfC 5 nm) (D 5 
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g^MWS^5X10 17 cm" 3 (DMAl 0>07 Ga 0>g3 NJ: >J&£ pMH2 KJS 3 7 

&J«:K3ii\ -e©|fe, ^$^0.1mmT'Mg^M^S^lXl0 18 cm" 3 <7)pMGaNj; U 

[0 0 3 3] 

[0 0 3 4] 

[0 0 3 5] 

y-CflnX-TSlStC, PMAl 0!lo Ga 0>go N/p^Al 0>02 Ga 0>g8 N©®«^*jgT?«« 
S*lSxy^->^#tihJf3 6<Z)#£{C£ »J, jiy^-y^U- K # p g^ ^Ga^ 
g3 NH2^^^ KM 3 7 J:»J %(£T"rs. itlttxyf->^±S3 6 CD^Al 
M (6%) iipff 2^7>y FI3 7(DA« (7%) «fc»;t»/h3V^^ X*/ 
^>^fflhJS3 6 ?:i^lt^SS^I© 1 o<Z)Alj?§J& (10%) ^ P SI2 
KJB 3 7©A1*Bj£J: »J=bEfv^«>-e&5. LfctfoT, pSf2ir5»;F 
®3 7©X^^>^${i^WT'0J^I-r^ : fc<Z)©, lyf>^H|l!|^J>fi<T 
tii»;f>^jt|3 6T'X7f>^l/- h^T-TSfeft, *!lfflH£J:< pS? 

-if*^tc^MTii[ifeSSSS:ag , r4:3tiK»jgJCSFy, U£v^«8&tt4 5mA, * 
n-^Sfr^SteO.lW/AlCJ&ofc. xy^>^f?ih«3 6 fc^AUfcV^*© 

*3 6©#Alci; »; Pl^y K*©«UJ*S:JK«JC!|ffSS<S5fiiatcinX7?^ 

2/\eDXy^>^#*-*;fc|SIjK3ftfc~ £lc@HLTV^ ££{C, xy*-> 
^ifcJS3 6tf)2gAtCi: U> 2>f >^g«|*T?©xy^:/^LJ?tf fco^fcllJ 



l 0 
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[0 0 3 6] 
[0 0 3 7] 

mm cm 6) &#n^^?,i^t§ D 

[0 0 3 8] 

^$r^?^e» 0 -?"(Z)^, gfe^L^:««4 6 £M0VPE!£tt (l3^H±-r) CD^^f^ 
OTorr©^#H^,i: U ^£,1$1 1 0 0 °C fc£ XM-U ltii4 6 ZMM L 
[0 0 3 9] 

#CfC, M;tfP£$J5 0 0°C{C^-r-^?gLfe^, *4K4 6 _hfC, Mi2 5mmol 
/min© h V**)IJSV ?A (TMG) gy&Mtf 7 . 5 L/mintf)y - T (NH3) 

a rvVTjjxtLX7kmt.zmmzet®i?z>z}iiz£v, mztfm2o 

««&Jttt6 5 0 0:1 ifej^T, fcJ&jp*Ml 0 0 0 {C £ U n 

SF-/^h^lti/7> (SiH 4 ) #X%gy6LT, jp£#,ftj4mm T^Si^M^ 
^-S^lX10 18 cm" 3 ©nMGaNJ; nln>^^7 hf4 7 #C 

(C h U (TMA) mztfmo.7mmxsiJfmm 

mi&mx 10 17 cm- 3 <7) nm&l 0J)7 Gz QQ3 NJ: *J ft & nM? ^ v KM 4 8 
£c Si^T, ff$^l 0 Onm-rSi^M^a^^lX10 18 cm" 3 ©nMGaNJ: *J & 
<5fSl<Z)7fc#V KM 4 9 $r^«$i±fe^, SM8 0 0iC(Ct^fiL ^-Y 
U 7 t^itfC ^3! LT, N 'J t^jl-fyVVA (TMI) £TMG££y& 



1 1 
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LTjSt.3^»&3n«(Z)In oa Ga 0>g NJ:»J«:SM*^^f (3jf) £Jf£3#*& 9 nmfiDG 
aNAUrJff (21) *^3&*#M*^^?f5ttJi5 0€:^S*S. -£CD|£, S 
tfRj&&ft<D&mZ%ll 0 0 0TCJC*T#Smr-VUT^=feSMl^e>*3gtCM 

LT, pSK-^°> h^&5£^>*n^>#^x-;i,v^*S/?A (Cp 2 Mg) # 
J£S#*&2 Onm-eMg^M^M^5X10 17 cm" 3 CD P M Al« 1C -G 
a 0.85 N ZV&S^VVfMS 1 £/&^£-&£ 0 #UC, JP3#*&1 0 OnmT-Mg^ 
MfeM^lX10 18 cm" 3 (DpM GaN«fc»J«;5jg2<03t^f>f KJS 5 2fe^g-&5 0 
«^T, J?3#*&2 0 OnmT'Mg^MWS^5X10 17 cm- 3 ©pMAl 0 07 Ga Q 93 N£ 
»J&6 pMUl t^V KJI5 3 &J«S3-ft«. 7*tC, Mg^MM>g#5X10 17 cnr 
3 <Z>P§? Al 0>10 Ga 0<9(J N 5nm) tpM ^ 0m02 ^o.98 V 0 nm) ® 5 

5 4 0>MfelrMm<D&mmte X / (4n) T*|gft£*l£o X fi 1/ - If HI 

^©IBJSi&g (4 0 0nm) , n t±fi«t^#5g©#®©JB^T?&* 0 r<Z>tgftm 

^$^0.4mmT'Mg^MWS^5X10 17 cm" 3 <Z)pMAl 0 oy Ga 0 g3 NJ:»J&5pS 
H2 V^y Kf5 5 $:mS$i±> J? 3 #j|&0. lmnT'Mg^itlil^l X 10 

10 cm °tf) P MGaNJ: U^6pin>M M5 6 &/&g$lt§ 0 
[0 0 4 0] 

[0 0 4 1 ] 

[0 0 4 2] 

^MH-t^lZ. P^Al 0>10 Ga 0> g 0 N/pMAI 0<02 Ga 0ig8 N©S«^*3tTf«^ 
S*l«xy^>^jfcJf5 4©#qfiEJCj;»;, 1^- h^ p §?Al 0 0? Ga 0 

93 NH2 KM 5 5 «fc »J=b<gT"T«. ^ tllix y ^ > ?W±M 5 4 SrflJ^L 

TV^Sf&^f-Jg© 1 OCBAlffl/S (10%) ^pf^2^77 KM 5 5£>Aljffij&J; 
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£^1-£l«c?)§^tC£!PJ, L£V^«^£4 OmA, *D-^»l±0.1W/A&C&o 
Mlt-tZ *)<D<D, L^ffi«§fE&7 OmA, ^ U - :73W«0.05W/A"£& o # 

#6E$!icj:£ u-if#'[£Hfc#tf>J§CHtiu x y y ^ifcjg 3 9<D#Alc<fcU pi? 

[0 0 4 3] 

[0 0 4 4] 
[0 0 4 5] 



1 3 
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h;i/^ (PL) ft&gtt, -£<z>PL$Blfcj: y xy^> 

SS^IJUK (SEM) ^I^Lfcxy^^sm&^iOWft&j^r. 
. pMAl 007 Ga og3 N^^^^ plf 2 KJS72 &Xy^> **LTV^:t§ 

X-/^>^^pMAl 0 10 Ga Q ggNfrii & S X y ^ > 

v^y/WkMl l ©AlM^^pMlg2 *9 v KM 7 2©Alffifi!S«fc U^^c^VAfe 
y^>^jfc»7 1 *^<Z)^SB^S#S;Mc&££:&, *©giJf&M3t"r 

[0 0 4 6] 
[0 0 4 7] 

ftmicmv* v%^mmmit4 5 mA. xn-^»«o.iw/A{c&o£ 0 — x 

tf>> VAffiflt^li 7 0mA, Xn-ySftS(8tt0.05W/A"eS>ofc. ##gfJBSC <fc £ 1/ 
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